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Triggered single photon emission
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* A single electron source it interesting but a single photon source\usry interesting:

Photons arebosons Electrons arefermions

* Due to the Pauli exclusion principle fermions teémdbealone, while bosons tend to be
together.

» By achieving triggered single photon emissimsons are made to behave like fermions
hence:

Nonclassical Light Emission

A. mamo lu, Y. Yamamoto, Phys. Rev. Lett. 72, 210 (1994)



Coulomb blockade of electron/hole tunneling in mesoscopic pn-
junction

VOLUME 72, NUMBER 2 PHYSICAL REVIEW LETTERS 10 JANUARY 1994

Turnstile Device for Heralded Single Photons: Coulomb Blockade of Electron
and Hole Tunneling in Quantum Confined p-i-n Heterojunctions

A. Imamoglu
Institute for Theoretical Atomic and Molecular Physics, Harvard-Smithsonian Center for Astrophysics, 60 Garden Street,
MS 14, Cambridge, Massachusetts 02138

Y. Yamamoto
E. L. Ginzton Laboratory, Stanford University, Stanford, California 94805
and NTT Basic Research Laboratories, 3-9-11 Midori-cho, Musashino-shi, Tokyo 180, Japan
(Received 1 June 1993)

We show that if a double-barrier mesoscopic p-i-n heterojunction is driven by an alternating
voltage source, then Coulomb blockade and quantum confinement effects together can suppress
the quantum fluctuations usually associated with electron and hole injection processes in semicon-
ductors. It is therefore possible to generate heralded single-photon states without the need for a
high-impedance current source. Since the frequency of the alternating voltage source determines the
repetition rate of the single-photon states and the magnitude of the junction current, the present
scheme promises high precision photon-flux and current standards.

PACS numbers: 42.50.Dv, 03.65.Bz, 73.40.Kp, 79.40.+z
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Triggered Single Photon Emission Based on a Single Two-Level
Emitter

Two Level Quantum Emitter
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Photon Antibunching — Proof of a Two-Level Emitter

! Nonclassical light emission
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Young’s Double-Slit Experiment

deal, monockromatic light
source
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Young’s Double-Slit Experiment

Intensity recorded on the screen-
() =%eoc<\E(r1,t) + E(rz,t)\2> =%600{<\E(r1,t)\2> +<\E(r2,t)\2> _

Interference Term
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Degree of First Order Coherence

(E@LOE (r,,1) = <E(t i r—é)E*(t i r—é)> = <E(t)E* (t- %)> =(E®E (t- 1))

- <E* () E(t +z‘)> =% E (t)E(t+1)dt T is large
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Degree of First Order Coherence

Intensity pattern on the screen

Ideal, monochromatic light
source

) o0-c"

Intensity pattern on the screen

) o=

Chauaotic light, center frequency w,
spectral width 2g
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Degree of First Order Coherence

F(W=LRre g2 expine)

/ P

Frequency spectrum

/ 1 - it - gt
Lorentzian F(W) = (W _QW)/ZWZ = gO)=eme
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Gaussian Fw) = =) g®@¢)=e
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Coherence Functions
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Degree of Second Order Coherence — Classical Fields

Intensity correlation function

Light Source I(t+t) I(t)

)
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Degree of Second Order Coherence — Classical Fields

Some Observations:
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Degree of Second Order Coherence — Classical Fields

For chaotic light: Many atoms emitting,
monochromatic light while colliding with each other.

Chaotic light with center frequency w, spectral width 2g (thermal light source)

g(Z)(t) :1""9(1)(1‘)‘2

g@(@t) =1+ g 29t
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Degree of Second Order Coherence — Quantized Fields

Heisenberg Electric Field Operator

E. (Rt) = E"(Rt) +E (Rt)

R W
E"(Rt) =i Kna expliwt+ik xR
(Rt) Y . exptiw, )

k

0
E'(R)=i |——kn & exp(ut- ik R)
 \2ev K k

<é' O E" (t +r)>
g"(t) =
First order photon correlation function (<é (t)é*(t)><|§2' (t+1)E, (t +r)>)1/2

<é' M E (t +r)é+(t+r)é+(t)>

Second order photon correlation function g@(t) = ~—— - _
<E' (t)E*(t)><E' (t+z‘)E+(t+z‘)>
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Degree of Second Order Coherence — Quantized Fields

Coherent State ~ |a) =exp( %\3\2) (STW dla)=ala)
ala'a‘ada) |a
o0y < A ) el
alg’ga)” |4
n-photon Fock state n) an)=+/n|n- 1) a'[n)=vn+1n+1)
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Hanbury-Brown and Twiss Experiment

Ideal detectors ideal intensity correlation function

Light Source I(t+t) I(t)

In practice detectors have a dead time following the single photon detection, this is overcome

by using two detectors in the Hanbury-Brown Twiss configuration

Det.

Det.

TAC MCA
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Single Photon Detectors

Incoming Photomultiplier Tube

Photony v indow
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Figure 1
g Power Supply ¢Me *

Silicon Avalanche PhotoDiode

InGaAs Avalanche PhotoDiode

Maximum spectral range 200-800 nm
High quantum efficiency ~30 %

Maximum spectral range 200-1100 nm
High quantum efficiency ~60 %
Relatively large dead time ~10 ns

Maximum spectral range 800-1600 nm
High quantum efficiency ~60 %
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Hanbury-Brown and Twiss Experiment

Coincidence Counts n(t)

Photon Antibunching
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Triggered Single Photon Source

Coincidence
Cnt.s
0

Delay Time (1)

Exciton transition (1X)
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(2

0 20 40 60 80
Time t (ns)

21



Outline

Single Photon Generation Using a Single Dipole
Calculation of Second Order Coherence Using Atomic Projection Operators
Photon Antibunching
Cascaded Photon Emission

Triggered Single Photon Emission
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Single Photon Generation Using a Single Dipole

Pulsed Laser Excitation of a Single Two-Level Emitt  er
(Single quantum dot, single molecule, single N vacancy in diamond, single atom, single ion)

Incoherent excitation

S L — - ) S B large dephasing limit
To be satisfied:
8T
1
e ko, oo WP Gspon ST <<
T
v
1 T T >>
T

p-pulse is necessary when there is no dephasing

Experimentally difficult to separate the turnstile photons from the pulsed laser

R. Brouri et al., Phys. Rev. A 62, 063817 (2000) 23



Single Photon Generation Using a Single Dipole

Optical Bloch Equations
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Single Photon Generation Using a Single Dipole — Incoherent
Excitation

Single InAs quantum dots

free carrier lifetime (100-200 ps)

SRS i)
: N 20 ps 1X lifetime (1-6 ns)
: e
Pulsed laser @
: hn
~ G=1-6 ns N, ot
l9) Excitation pulse (250 fs)

* Short free carriers lifetime + slow relaxation from level |e>

vanishing probability of re-excitation after first photon emission Pulsewidth << 1/G
* Predominantly radiative recombination

J.-M. Gérard, and B. Gayral, IEEE J. Lightwave Tech. 17, 2089 (1999).
S. Raymond, K. Hinzer, S. Fafard, and J. L. Merz, Phys. Rev. B 61, 16331(R) (2000). 25



Model Using Atomic Projection Operators

i i
Wpl Gl
\ 4 ‘O>
Atomic transition operator $01=[0){1]

In the Heisenberg representation

Source-Field expression -
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Photon Antibunching from a Dephased Two-Level
Emitter

Dephased two-level emitter can be analyzed in the
5 1 rate equation limit

Wpl Gl

A
<
<L

Quantum
Regression
Theorem
G?(0)=0

w
- F O =(sut) =g

W, +
Steady state population of the level |1>/

Initial Conditions:
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Photon Antibunching from a Dephased Two-Level

Emitter
- iy G?(0)=0
Wpl
Wpl QI. F(O) = <511(to)> = W, +G
4 ‘ O>

G (t) =—W‘\’j\§:1j(é’)> b &)= (5,070 &)
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Dephased Three-Level Cascade Ssystem

X
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29



Case 1 — Single Exciton Emission Self-Correlation

Quantum
Regression
r=t-t,

Theorem
_ m) <= Sclf-correlation function of 1X state

Low excitation regime
1X Lifetime = 3.6ns

. g
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T 0
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Case 2 — Biexciton Emission Self-Correlation

(8 21(to)-nrn-S15 (L))

Initial Conditions:
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Case 3 — Single Exciton Biexciton Correlation:
Single Exciton Emitted after the Biexciton

Y22(2) (t) =<5 2(to)s 22(t)512(to)> c o f : o
S pulty) oS (to) Y12 () = (5 uto)s 105 1(t)) g orrelation function between 1X
| i < > and 2X states

Yoo(Z) (t)= <5 21(t)S0o(t)S 12 (to)> I

o o Probability of 1X emission at time
Initial Conditions: t given that a 2X emission has

Y,,?(0)=0 occurred at time t,, for ty<t.
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Case 4 — Single Exciton Biexciton Correlation:
Biexciton Emitted after the Single Exciton

Correlation function between 1X
and 2X states

Y P () = (510(t0)5 ()5 ()~ mmm—
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o o Probability of 2X emission at time
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Demonstration of Cases 3 and 4
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Triggered Single Photon Emission — Dephased Two-Level Emitter

: v
Wpl(t) G‘l

Pump laser pulse train Initial Conditions:

v ‘ O>
<511(0)> =0

Quantum Regression (500(0)) =1

Theorem
G@(t,0=0
=) F£.0)=(5,,()
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Triggered Single Photon Emission — Dephased Two-Level Emitter

W G

Wpl(t)
GO(t)
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Outline

Review of Available Experimental Systems
Single Quantum Dots
Single dye molecules
Single N-V centers in diamond
Single Atoms
Single lons

Electrical Pumping
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Single Quantum Dot
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Islands Quantum dots

Typical 30A PCI dimensions:

h=3nm
——
T
—> 140-50nm; «—
40-50nm
T

Ti:sapphire laser

(t)
(1)

@)
()

LUV

Exciton transition (1X)

0 20 40 60 80
Time 1 (ns)
J.-M. Gérard, and B. Gayral, IEEE J. Lightwave Tech. 17, 2089 (1999).

0 20 40 60 80

Time 1 (ns)

S. Raymond, K. Hinzer, S. Fafard, and J. L. Merz, Phys. Rev. B 61, 16331(R) (2000).
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Single Terrylene Molecule

Terrylene

o

Excitation (532nm)
Fluorescence

400-
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° 8
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— (%] (o)
s 8 &

PE0 RO 0 80 160 0 20 40 60
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B. Lounis and W.E. Moerner, Nature 407, 491 (2000)



Single N-V Center in Diamond

Single N (nitrogen) — V (vacancy) center

[ W 1 Ll |
B¢ 1| Jﬁ’f n!t'qhﬂ,!lg - lw}’*‘ﬂl‘ﬁwﬂf Jﬂmw E\&

r'l'l II|||] J
I

&0 0 af 104
T ns}

C. Kurtsiefer, S. Mayer, P. Zarda, and H. Weinfurter, Phys. Rev. Lett. 85, 290 (2000)
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Single Atom

Single Cesium Atoms

A Q.
3 | -
by | 1
M1 . Q3 Mz ‘7
Q, Da
'8 "4 ™
B C Trialj1  Trialj  Trial j+1
3 4 St=1 us

NG 7 | 1 5 us
P W

A. Kuhn, M. Hennrich, and G. Rempe, Phys. Rev. Lett. 89, 067901 (2002)
J. McKeever et al., Science 303, 5666 (2004)
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Single Trapped lon

Single Calcium lons

4Py
""" .In W Gavity
Yﬁmﬂ
III Ezum
428, |
400+
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M. Keller et al., Nature 431, 1075 (2004)
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Electrical Pumping
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Z. Yuan et al., Science 295, 102 (2002)
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Practical Issues
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Photons Emitted by a Pulsed Laser

Photons emitted by a pulsed laser obey Poisson’s distribution

B 0 L L L

n

. " a .,
Probability of emitting n photons per pulse: P(n) = — e
n!

a: average number of photons emitted per pulse

46



Photons Emitted by a Pulsed Laser
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Single Photon Turnstile Device

Turnstile
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Pratik Problemler

Attenuated laser Single photon source
1 T T . 1
08 a=0.1 - 09t
08 ] 08 80 MHz pump laser repetition frequency
07 & 0.7}
06 0.1*(500 MHz)=50 MHz - 06|

High collection efficiency required
for high single photan emission
rate

Typical single photon collection
efficiency <50 %
2 3 4

5
n

Source of error
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Solution — Optical Microcavities

Optical microcavities confine light in all 3 dimensions
They possess high quality, low volume resonances
They direct light in a specific direction

Photon
T

Quantum dot

Micropillar
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Electrically Pumped Optical Microcavity Structure

Single photon emission rate: 4 MHz !

10
& 05
oo
& 0 5]
Time frs)

S. Strauf et al., Nature Photonics 1, 704 (2007)
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Outline

Selected Applications
Quantum physical random number generator
Quantum cryptography
Linear optics quantum teleportation
Linear optics quantum computation
Two photon interference using a single photon source

Two photon interference using a single molecule
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Quantum Physical Random Number Generator

50/50 beam

ilitter

L — 14
Single photon \

stream

Single Photon Counter:
Digital O

" 1001010...

Detection: XAAXAXA...

Single Photon Counter:
Digital 1

Detection: AXXAXAX...

Random Number:
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Quantum Key Distribution
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Quantum Key Distribution - BB84 Protocol

4 ™ — ™
L€ detection
D2
P-YGA L'R_
V}H detection
D3
FC FC D4
aﬂi_.
EOM YGA | 14
Single photon Fiber-optic plate P-YGA
source cable

. / \_ /

D < Synchronization lE]
signal N

Classical communication line
(e.g. internet)

Experimental setup for Quantum key distribution. A, attenuator; BS, beam splitter; P-BS, Polarizing
beam splitter; EOM, Electro-optik modulator; D1, D2, D3, D4, single photon counters; FC, fiber coupler
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Quantum Key Distribution - BB84 Protocol

parties

Bit sent by Alice 0 1 0 0 1
Rand_om basis selected c c c L c
by Alice

Polarization of the

photon sent by Alice L R L H R
Random basis selected L c L c L
by Bob

Bob’s measurement H R H L H
Basis information that

Bob sends Alice L c L c L
Alice’s answer False True False False True
Key shared by the two 1 1

56



Quantum Key Distribution

Quantum cryptography realized under the lake between the town of Nyon, about 23 km north of Geneva,
and the center of the city.
57



Two Photon Interference

—/(

.

> O probability for

—

-

photons
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Two-Photon Interference

Two otherwise indistinguishable  photons which enter a 50/50 beam splitter through
different input channels  will leave through the same output channel

A

@

-1
1) 2

Q>

v ®©

1 -e" a'(t)
e 1 a,(t)

+

v

Q)

®

2

@

D
=0 BOSON
A+'\ 1 if A+ A+ C\+'\+ ~Adn 1
5 |
At A? Si)ni At Afimloni . Two-photon
4 =qd4  a’a; =-4a/4 entangled state

First experimental demonstration using twin-photons generated by parametric down conversion
C. K. Hong, Z. Y. Ou, and L. Mandel, Phys. Rev. Lett. 59, 2044 (1987). 59



Two Photon Interference

101 -iby
V2 -1 B

)
3

2X2 unitary matrix

y @ % pBs P
|1> @ a," b,*
DAD)=a'a]0) o - vz ) i +bz)0) =ity +bsbs) o) = - 20)+[ 02)




Linear Optics Quantum Teleportation

jr=algeny % =g L)L
\/>@ BS (w1
® —
9 - BS (M2
0 c)
N | _ i ,
/H)A|DA|0) \/>Aﬁ(‘10>-|‘01>) -ﬁ\00>Aa\1>+ M;=1LM,=0 |[c)=a|0)+b|])
-%\10>A(a\0>+b\1>)+ My=0M,=1 [c)=al0)- bJY)
i
E‘ODA(&‘(»- b‘1>)+ |\/|1:2,|\/|2:O ‘C>:b‘0>
i " _ _ _
M1, M2 should be able to _2—«/5‘20>Ab‘0>+ MiZ0M,=2 |6)=Hj0)
e distinguish 2 and 1 photon 0 .
Fock states 2./2 02)A b|0)
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A Brief Introduction to Linear Optics Quantum Computation

Two observations:

* Non-deterministic linear optics quantum computation is possible
» Probability of success can be increased arbitrarily close to 1

Ideal photodetectors (n-photon detection)
Stringent requirements on single photon sources:
large total collection efficiency and 100% indistinguishability

E. Knill, R. Laflamme, and G. J. Milburn, Nature (London) 409, 46 (2001). 62



Nonlinear Phase Shift

y)=ay0)+ah+a,2) —— a,0)+a,l)- a,2)

q1:22.50 y f1:OO q2:65.53020 y f1:00 q3:'22.50, f3:OO
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Conditional Sign Flip

ajb) —— (-)"a)b)

Qubits coded with two optical modes |1) =|10) |0)=|01)

a,/00 +a,/01 +a,10 +a;1) —— a,/00)+a, 01 +a,10)- a;11

Universal quantum gate — Proves the ability of quantum computation
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Conditional Sign Flip

1 ]
Y NS4
Q oS
2 \/ N/
45° -45°
3 /\ / N\
D NS. @
Q 0> 1O
4

20),,+/02),,

Proves nondeterministic quantum computation
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Two-Photon Interference Using a Single Photon Source

Single photon N7
O ®

source > >

s ' " GPu(tl) =8 08 DAL +AW)
Single photonﬁ nn
source ‘ g @ @
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Two-Photon Interference Using a Single Photon Source

GPu(t,r) =(&" (D4, (t+2)a,(t +1)&(1))

— \e} Source-Field relationship

< d

> hn a(t) = AN)S,e t- $e=/0)el

> \g> Atomic projection operator

For a balanced beam splitter, g=p/4:

Solve the problem of two-photon

6(2)34 (t’[) = ; (<§ee(t)><§ee(t + [)> B

=2s.o)sutrn) - [

A A Al interference using the microscopic
<Seg(t *1)s ge(t)> ) properties of the emitter7
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Incoherently Pumped Single Photon Source

j—g | p = %f :ii[HAint’f]-i_ GZ'&X (Zé\epf‘é\pe- é\ppf ) fé\ee)
]'_:l'ela.}:
| S +CS|OOH(25'.\ ef‘é\e - §eef - f‘é\ee)
QL'Iﬂ' 2 g g
I
pom . Gpon
Hoe =1 WO 00~ S0) 9= 2+ Gl
t |g= ?
G(2)34(t r)= (<See(t)><s (t +[)>_ 5 112(t’[)2)

Solve for (8 ..(t))(S.(t +)) using Optical Bloch Equations < A> :Tr(fA)

<s (t)> -G, < pp(t)> 3oorl S (1))
d.§pp(t) W) (). A 3
< - > = 2( )(<s pg(t)>- <Sgp(t)>)' G. |ax<s pg(t)>

d(s_(t
o) g 5,0 140, 0) - (5,0)
69



Incoherently Pumped Single Photon Source

|p=

Quantum Regression Theorem

G@s(t,?) =§(<§ee<t)><§ee(t +t))- \é‘l’uﬁ,f)\z)
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7I1\Iormalization

~

.
G354 exp(t) = lim 6(2)34(t,t)dt
oY

Coincidence Detection

hn ?h”

W s

o)

A. Kiraz et al., Phys. Rev. A. 69, 032305 (2004).

oy |
RUANY \/}\ H\\J/

T
.30 20 -10 0 10 20 30

A, A, A

Tpuls

G@au(t, ¢ )dtds
A_ on

AT s st o)) dtdr

0A

Normalized coincidence rate
/1



Effect of Dephasing

1.0
0.5
Indistinguishability
0-0 T T IIIIIII IIII III
0.01 0.1 1 10
ge_deph (Ge)

T,/12T,

1,0 /

0,5
Indistinguishability
¢ TJ2T,
0,0 T T T T TTT II T T T TT T T T T TTT II
0,01 0,1 10

1
ge_deph (Ge)

T1=1/G;,q, ! lifetime
T,: coherence time 1/T,= 1/2T, + 1/ T,
G
g= —0 4+ gdeph
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Effect of Dephasing

Single photon wavefunction

‘y > u ¥ dt\e' onnt/2+if (tj)a+ (t)‘ O>
0 '
X(t)

f (t): random function describing the pure dephasing
G,pon: SPONtaneous emission rate

Vi)t

Mean overlap integral <‘<y 1y 2>‘2> — < dtx(t)y* (t)2> — ;:IZ_
1

Single photons should possess
large coherence lengths !
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Two-Photon Interference Using a Single Emitter

Experimentally difficult to find two single emitters emitting at the same exact photon
frequency.

Instead use two photons subsequently emitted from a single emitter

hn hn

f/V\/ \V\s i 1 55

= %

Dt

v

Dt = Pulse separation



Two-Photon Interference Using a Single Emitter

a Fhoton counters
£ f Monpalanzng
! : + baam splitber
9 e rl.* 2 nz & At
i,_.i._‘ ; :
5 l v : i
Single-mode i Fetroreflectors
e

=1, =4 Ins)

C. Santori, D. Fattal, J. VUCkOViC, G. S. SO|OmOI’l, T. Legero’ T. W||k, M. Hennrich’ G. Rempe, and A.
and Y. Yamamoto, Nature 419, 594 (2002) Kuhn, Phys. Rev. Lett. 93, 070503 (2004)

Quantum dots Atoms
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Vibronic Excitation

Zero-phonon-line emission from a single molecule is highly coherent

Room Temperature
1S, >

TOlin CHCIZ

0,8 -

absorption emission

0.6
0.4 -

0,2 4

Absorption bzw. Fluoreszenz

|So >

o0

T T T T T 1
500 600 a0 aon

Wellenldnge [nm]

Zero-Phonon-Line

Nuclear Coordinate

Vibronic excitation was not much explored at the single molecule level at low temp eratures!

A. Kiraz et al., J. Chem. Phys. 118, 10821 (2003). 77



Terrylenediimide

O
N/\/\/\/

O
2ele s
O O

Terrylenediimide (TDI)
Dimensions: 3.18nm x 0.92nm x 1.14nm

n-Hexadecane C;zHs,
Shpol’skii matrix
Semi-Crystalline
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Experimental Setup

Cryostat, 1.4 K —

galvano optic scanner

| /2
Aspheric lens plate
NA =0.55

Spectral resolution:
1 MHz (excitation)
35 GHz (monochromator)
15 MHz (spectrum analyzer)

| Autoscan single mode
\V e cw dye laser 565-615nm

— Pinhole

APD

Spatial resolution:
<1lmm

Scanning Fabry-Perot
Spectrum Analyzer

CCD ),

e\
N
i ] Monochromator

APD

@ Counter |+
N

——
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Emission Spectrum

1.0 — =
[a
N
2 05 -
(Vp] —~
qC) | HE 15050
= o
£ 5
o]
D 0.0 L = sl B =
=1 T T T T T T T T T T T T | o C 15000
N >
— @
g 0.05 — ‘ >
-
o 14950
= | 20 40 60 80 100
Time (sec)
0.00

RN Discrete spectral jumps:
14700 14800 14900 15000 : :
1 Proof for single molecule detection
Wavenumber (cm ™)

~40% emission through the ZPL!
A. Kiraz et al., J. Chem. Phys. (2003). 80



Emission Linewidth Measurements

1 scan with
500 ms integration time at each bin
250

interference filter
2 nm FWHM

200

150

FWHM=65 £10 MHz

100

Number of Counts

LI

D Counter |+~— APD

Residuals
[8)]
[oNe]

0 100 200 300 400 500 600

Bins
Compared with ~ 40 MHz
T,=4.9ns coherence length transform limit
“Almost transform limited ZPL emission !” 2T,/T, 1.6

A. Kiraz et al., Appl. Phys. Lett. 85, 920 (2004). 81



Experimental Setup

Cryostat l| \
-\
TA -
| /2
Aspheric lens plate
NA = 0.55 \ | Autoscan single mode
Xyz piezo scanner exc cw dye laser 565-615nm
>
—— Pinhole
>
start
a)
_ % TAC — MCA
Michelson Interferometer -
plate l stop
> I »{ APD
1
t,+Dt .
Ly A Hanbury Brown and Twiss
N\ 82

Dt = 4.6 ns >> coherence length / 2




Experimental Setup
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Two-Photon Interference Using cw Excitation

| /2

TG @ g SRR
““““““ —— BS 0 (a5 (03,0 (&L (t+ 1A, (t+ 1))

"""""" i n 2
- ® gé3q)|(t)=1((g‘2)(t)+1)- g(”(t))

N |

0 ()= (0°(1) +1)

1,0

First-order photon correlation
function
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0,6

g®,,)

0,4

Signature of two-photon

interference -
|| Polarization
1 _| Polarization
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t(1/G,,)



Experimental Results
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Poor mode-matching in the beam splitter!
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A. Kiraz et al.,.Phys. Rev. Lett. (2005)
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Experimental Results
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Summary

At the end of this course | hope that you became familiar with:

The current status in single photon source research

The calculation of the second order correlation function of light emitted by a single dipole
Quantum physical random number generator

Quantum key distribution

Linear optics quantum teleportation

Linear optics quantum computation

Two photon interference phenomenon
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